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,QWURGXFWLRQ
Legal temporary workers are granted entry to host countries to work in specific assigned jobs, to which they are limited by law. However, since such workers aim to maximize earnings during the period spent in the host country, there is an incentive for them also to take on jobs which are not allocated to them legally (hereinafter, illegal jobs). Illegal workers entering host countries (Borjas, 1994 and Ethier, 1986) cannot find jobs as easily as legal workers and tend to use the existing networks generated by the local migrants (legal and illegal) to find jobs.
In this process, both legal and illegal migrants gain specific human capital, thereby increasing their incomes over time. These include: on-the-job training, learning the language, etc. Legal immigrants may work in both legal and illegal jobs; therefore their reservation wage is higher than that of illegal migrants, who are restricted to illegal jobs. The increase in specific human capital, and, hence income, for both legal and illegal immigrants enables them to employ newly arrived illegal immigrants with low specific human capital looking for other sources of income.
Naturally, illegal immigrants turn to the local network for help.
Our goal in this paper is to explore the labor market interactions between legal and illegal immigrants. We describe the stylized relationships within the immigrant community. Illegal immigrants may substitute for the legal immigrants to some extent at home, specializing in certain fields or professions. Such assistance enables the immigrants to devote more time to increasing their earnings. Immigrants generally prefer to employ migrants from their own country as they come from a similar environment, culture, and language, enhancing network externalities (Marks 1989 , Church and King 1993 , Carrington, Detragiache, Vishwanath 1996 and Chiswick and Miller 1996 . Therefore, a sub-economy is emerging whose sole purpose is to provide services for migrants. 1 Various public policies directed at dealing with these phenomena are examined. We consider the implications of: D. taxing legal migrants' earnings, E.
changing the time period a legal immigrant/temporary worker is allowed to stay in the host country, F. requiring renewal of permits to stay in the country at regular intervals, G. imposing a penalty on local employers caught illegally employing migrants, and H.
1 Much of this economy is illegal. In Malaysia and Israel temporary migrant workers, both legal and illegal employ illegal migrants. 1 forced savings, whereby migrants are compelled to save part of their legal earnings, which they would lose if deported. This paper is divided as follows: Section 2.1 describes the basic model considering the legal migrants' allocation of time spent at illegal jobs. Section 2.2 considers the effect wealth accumulation on the legal migrants' decisions. Section 2.3 considers the effect of changes in the migrants' human capital over time on the allocation of time. In section 3, we discuss the opportunities for legal migrants to employ illegal migrants. Section 4 focuses on the employment of illegal immigrants by other illegal immigrants. Finally, Section 5 analyzes the implications of five different public policies directed at the evolving sub-economy.
7KH 0RGHO

7KH %DVLF 0RGHO
A legal immigrant works at his/her legal job. At the end of the day (week, etc.), after completing his/her obligations to the legal employer, he/she may decide to devote his/her time working at an illegal job to increase his/her earnings/utility. The utility the immigrant receives from leisure after finishing his/her obligations to the legal employer is normalized to zero 2 . If an immigrant is caught working in an illegal job, he/she will be deported. To simplify, we assume that the alternative earnings in the home country is fixed at zero. (Alternatively: the immigrant maximizes the increase in earnings relative to the wages he/she would have received at home). Moreover, at this point we assume that the immigrants' division of time between work and the home is fixed. The immigrant's objective is to maximize his/her expected utility (earnings) by determining the proportion of time spent on the illegal market, α (0 ≤ α ≤ 1). The immigrant's working permit is for a period of time 7
3
The immigrant works on the legal market at a given job that has a fixed wage / Z . Hours spent on the legal jobs are also fixed and normalized to 1 so that / Z represents earnings from legal employment. Alternatively we could look at the time spent at legal jobs as endogenous. Here we have decided no to take this approached This assumption simplifies the calculations. The main results still hold under the case where there is a utility from leisure. In order to consider a permanent legal migrant one must set ∞ → 7 .
for two reasons: D. it seems more realistic that when a legal immigrants enters the country he workers at an assigned job for which he/she received a permit and E. it would complicate the notation while the results would stay the same.
The wages for the illegal jobs are fixed at , Z per job. Assuming that effort gives decreasing returns: ,α the earnings from illegal work, increase with α with a decreasing marginal. 4 The probability of being caught working on the illegal market, 3 is a positive function of the proportion of time spent working there.
5
A legal immigrant caught working in an illegal job is deported and loses out in two ways. He forfeits future earnings as well as some of his wealth and social ties.
Immigrants aim to maximize their expected earnings/utility (earnings).
Towards this end, they have to decide on the proportion of time to spend on the illegal market. The general problem can be represented as follows 6 :
An alternative assumption would be that ,α α , Z . In this case the result would still hold under more restricted assumptions for the probability of being caught. 5 The allocation of time for the different tasks has been analyzed in the literature starting with Becker (1965) . There is a great deal of literature on the allocation of time and resources between legal and illegal activities (Block and Heineke, 1975 and Ehrlich, 1973) . There are two main differences between our approach and the approach taken in the literature. )LUVW, a criminal who is caught may return to commit more illegal activities after serving his time. In our story, when caught the immigrant is deported. 6HFRQG in the literature the criminal has an infinite horizon while in our case there is a given time-permit. In the case where there is utility from leisure then the expected utility is:
In the case where the time spent in the legal market is endogenous, L is the legal 
The first-order condition is given by,
Assuming the second-order condition is satisfied:
Rewriting (2), gives:
The α which satisfies (4) is denoted by 
The first-order condition for (6) is satisfied if:
For a given α the RHS of (7) is greater than that of (4) therefore
. This may be generalized in the following proposition:
3URSRVLWLRQ 2YHU WLPH WKH SURSRUWLRQ RI WLPH VSHQW RQ WKH LOOHJDO PDUNHW LQFUHDVHV
Proof: see Appendix.
According to this proposition, the longer immigrants are in the host country, the more time they spend working in illegal jobs (see Fig. 1 ) since the cost of being caught on the illegal market decreases with time. This assumption may be relaxed by introducing an additional penalty if caught (see below).
$ 0RGHO ,QFOXGLQJ $FFXPXODWLRQ RI :HDOWK
We now assume that immigrants accumulate wealth, which is lost if they are caught working on the illegal market. Since immigrants caught on the illegal market are expelled from the country, they cannot liquidate all their capital overnight, which, therefore, constitutes a loss. Moreover, there is also a social cost, i.e. losing friends made over the years.
Denote the amount of wealth accumulated over W by . W . . W is function of the legal immigrants' total amount of earnings until W:
Denote the wealth accumulation by ( ) W . Most of the temporary workers' earnings are sent home and, therefore, would not be lost if deported. We assume that the legal immigrants' major source of income is from the legal jobs and since this is fixed, the accumulation of wealth is independent of the proportion of time spent in illegal jobs.
7LPH 3HULRG 7
The migrant's expected earnings during 7 are given by:
The first-order condition is satisfied if:
Denote the α that satisfies (9) by * ,7
.
α . We now compare the proportion of time spent on the illegal market with or without the accumulation of capital. Technically, the RHS of (9) should be compared with that of (4), for a given α:
The accumulation of capital increases the cost of working on the illegal market, and, therefore, immigrants wishing to maximize their expected earnings spend less time working in illegal jobs ( )
. This may be generalized: 7KH SURSRUWLRQ RI
WLPH VSHQW RQ WKH LOOHJDO PDUNHW LV KLJKHU LQ WKH PRGHO ZLWKRXW WKDQ LQ WKH RQH ZLWK
WKH DFFXPXODWLRQ RI ZHDOWK As a result of preparations to leave for home, during the time period W , the total level of wealth accumulated lost if immigrants are caught is reduced
3URSRVLWLRQ ,I WKH DFFXPXODWLRQ RI ZHDOWK LV LQGHSHQGHQW RI WKH SURSRUWLRQ RI WLPH VSHQW LQ LOOHJDO MREV WKH FXUYH RI WKH UHODWLRQVKLS EHWZHHQ WKH WLPH VSHQW LQ WKH KRVW FRXQWU\ DQG WKH SURSRUWLRQ RI WLPH VSHQW RQ WKH LOOHJDO PDUNHW LV 8VKDSHG
Proof: see Appendix
With time, immigrants spend less time on the illegal market since the cost of being caught increases. In the period prior to their return, they start "selling" assets, such as home equipment, among others. Therefore, the cost of being caught decreases, increasing the incentive to spend more time in the illegal market (see Fig. 2 .).
&KDQJHV LQ +XPDQ &DSLWDO
We consider the effect of changes in human capital over time on the time spent on the illegal market. The increase in human capital over time is due to on-the-job training, learning the language, etc. We assume the increase in human capital is higher on the legal than on the illegal market. While learning by practice takes place on both the legal and illegal markets, the legal immigrant has more freedom and choice of work:
. To simplify, we return to the basic model. During 7, the first-order condition is (similarly to (4)):
At 7 the first-order condition is (similarly to (7)):
Given α the RHS of (12) is greater than that of (11): immigrants spend more time on the legal market in 7 than in 7. The proportion of time spent on the legal market decreases with length of stay in the host country. However, it is higher if the human capital level changes over time, since the cost of being caught increases with time: 
3URSRVLWLRQ ,I WKH LPPLJUDQWV ¶ KXPDQ FDSLWDO LQFUHDVHV RYHU WLPH WKH\ VSHQG PRUH WLPH RQ WKH OHJDO PDUNHW (PSOR\PHQW RI LOOHJDO LPPLJUDQWV E\ OHJDO LPPLJUDQWV
The first condition simply states that the longer the worker is employed, the more the employer has to pay. The second condition states that there are diminishing returns to work. The third condition states that there is no cost involved if a worker is not taken on. The fourth condition states that the illegal immigrant's earnings may increase over time due to a rise in human capital.
Legal immigrants may employ illegal immigrants in order to hire them out to local employers. Considering this situation would enhance the results. Endogenousing the time spent at home would change the absolute results but it would not change the main findings of our analysis. The lemma states that if, at one point in time, it was worthwhile employing an illegal worker, it would continue to be so from then onwards.
3URSRVLWLRQ 7KH SUREDELOLW\ RI OHJDO LPPLJUDQWV HPSOR\LQJ LOOHJDO LPPLJUDQWV LQFUHDVHV ZLWK WLPH 0RUHRYHU WKH SURSRUWLRQ RI WLPH LOOHJDO LPPLJUDQWV VSHQG ZRUNLQJ IRU OHJDO LPPLJUDQW LQFUHDVHV RYHU WLPH
According to proposition 4, the longer legal immigrants stay in the host country, the higher the probability they would employ illegal immigrants, and the greater the proportion of time spent in such employment. Therefore, it may well be that, after a certain period of time they decide to employ other immigrants to help them at home with cleaning and looking after the children, among other tasks. As mentioned in the introduction, immigrants generally prefer to employ migrants from with similar social and cultural background, thereby enhancing network externalities. Taking such a step allows immigrants to increase their working time for other legal or illegal immigrants and/or local employers.
At time ], the expected earnings of an illegal immigrant working for a legal immigrant are given by:
where γ is the proportion of time spent working on the illegal market and ( )
are the immigrant's expected earnings for the time period ] given that the proportion of time he/she chooses to devote to work is optimal. The term ( ) γ T is the illegal immigrant's probability of being caught and thrown out of the host country.
This fact is going to be a key issue determining public policy.
While both legal and illegal immigrants face similar problems, there are several differences: (1) Illegal immigrants cannot work in legal jobs. (2) Whereas, in both cases, the probability of being apprehended is a direct function of the time spent working on the illegal market, legal immigrants only face being caught during the time they spend working on the illegal market, while the illegal immigrant may be apprehended at all times (at work or watching TV at home). This may be expressed as follows:
Illegal immigrants may employ other illegal immigrants, for example, sending their children to a "school" run by an illegal-immigrant teacher who, of course, may be teaching more than one child simultaneously or participating in religious services run by a minister who is an illegal immigrant. Such measures would give the immigrant more time to devote to working and generating income.
Similarly to (15), the immigrant's situation may be expressed as follows:
where λ denotes the time period over which the immigrant employs a new immigrant who previously worked in the home country for a period of time Y
Illegal immigrants employ immigrants only if their earnings are high enough.
Since the immigrant's human capital increases over time, this leads to the following: 
3URSRVLWLRQ 7KH SUREDELOLW\ RI LOOHJDO LPPLJUDQWV HPSOR\LQJ RWKHU LOOHJDO LPPLJUDQWV LQFUHDVHV ZLWK WLPH 0RUHRYHU WKH SURSRUWLRQ RI WLPH LOOHJDO LPPLJUDQW DOORFDWH WR ZRUNLQJ IRU RWKHU LOOHJDO LPPLJUDQWV DOVR LQFUHDVHV RYHU WLPH
3ROLF\ ,PSOLFDWLRQV
A sub-economy of migrants is emerging whose sole purpose is the provision services by illegal immigrants for legal and illegal immigrants. This may not be in the interest of the host country. In this section we focuses on the demand for immigrants (assuming there is an initial pool of immigrants) and consider the implications of various public policy strategies that may affect the evolving new sub-economy.
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These include: taxing legal immigrants' earnings; changing the time period a legal immigrant is allowed to stay in the host country; a regular renewal permit restriction;
imposing a penalties on local employers caught illegal immigrant; and forced savings.
(DUQLQJV 7D[
Let µ denote the tax rate. Assume the tax burden falls on the immigrant, i.e., the labor supply is assumed to be completely inelastic (if this is not so, the tax burden would be lower, however the analytical treatment would be similar). 
The RHS of (21) decreases with increasing tax rate
. Applying the principle of diminishing returns to work, gives:
Increasing the tax rate increases the proportion of time spent on the illegal market but
See for example Epstein, Hillman and Weiss (1999) .
Immigration policies are often expressions of preferences for cultural homogeneity.
See Hillman (1994) , Benhabib (1996) and Hillman and Weiss (1998) .
decreases the immigrants' expected earnings. In turn, this affects the legal immigrant's possibility of employing an illegal immigrant, since he/she is required to accumulate more human capital before being able to afford to take this step. This would reduce the number of illegal immigrants employed by the legal immigrants.
3URSRVLWLRQ 7D[LQJ OHJDO LPPLJUDQWV ¶ HDUQLQJV GHFUHDVHV WKH QXPEHU RI LOOHJDO LPPLJUDQWV WKH\ HPSOR\ /LPLWLQJ WKH /HJDO ,PPLJUDQWV ¶ 7LPH 3HUPLW
According to proposition 2, as immigrants approach their dates of departure, they decrease their accumulated capital, and work more hours on the illegal market.
Therefore, increasing the legal immigrant's time permit increases the time he/she spends working in the legal market. Increasing the time spent on the legal market leads to an increase in the number of illegal workers employed:
3URSRVLWLRQ ,QFUHDVLQJ GHFUHDVLQJ WKH OHJDO LPPLJUDQWV ¶ WLPH SHUPLWV LQFUHDVHV GHFUHDVHV WKH SURSRUWLRQ RI WLPH WKH\ ZRUN RQ WKH OHJDO PDUNHW DQG LQFUHDVHV GHFUHDVHV WKH QXPEHU RI LOOHJDO LPPLJUDQWV ZRUNLQJ IRU OHJDO LPPLJUDQWV
This proposition describes the tradeoff between the time the legal immigrant works on the illegal market and the number of illegal immigrants working there.
Decreasing the number of illegal immigrants by reducing the time permit leads to less illegal workers. However, legal immigrants spend a greater proportion of their time on the illegal market. If the aim is that legal immigrants should spend a greater proportion of time on the legal market, this would, in turn, increase in the number of illegal immigrants working in the host country.
5HQHZDO RI 3HUPLWV
Consider the effect of increasing the frequency of renewal for legal immigrants'. This would lead to uncertainty regarding their future earnings. To make such a policy credible, the authorities have to cancel some of the permits when they expire.
Assume legal immigrants are obliged to renew their permits at the end of each period. The probability of renewal is given by ϕ and is independent of all the other variables. The immigrant's expected earnings at time W ( )
The first order-condition is satisfied if:
RHS in (23) is smaller than in (12). Given the diminishing returns of ,(.), the time he/she spends on the illegal market would increase.
3URSRVLWLRQ 5HTXLULQJ OHJDO LPPLJUDQWV WR UHQHZ WKHLU SHUPLWV UHJXODUO\ ZRXOG LQFUHDVH WKH WLPH WKH\ VSHQG RQ WKH LOOHJDO PDUNHW DQG GHFUHDVH WKH QXPEHU RI LOOHJDO LPPLJUDQWV WKH\ HPSOR\
Note that the probability of a permit being renewed is independent of the time spent on the illegal market. This is because legal immigrants caught working on the illegal market are sent back to their home country, regardless of the time spent on the illegal market and whether their permits are due for renewal.
3HQDOWLHV LPSRVHG RQ ORFDO HPSOR\HUV
Consider the imposition of a penalty on local employers caught employing illegal immigrants. As pointed out above, the supply of illegal immigrants is inelastic.
Therefore, such a penalty would reduce the illegal immigrants' wages. It follows from equation (18) 
where η is the rate of forced saving per time period.
From the previous analysis we know that the proportion of time spent on the legal market decreases in the earlier periods, but increases with time. For a large 7 the immigrants' savings increase over time, and, concomitantly, the cost of being deported also increase.
3URSRVLWLRQ ,I 7 LV ODUJH HQRXJK IRUFHG VDYLQJV GHFUHDVH WKH WLPH WKH OHJDO PLJUDQWV ZRUN RQ WKH LOOHJDO PDUNHW DQG GHFUHDVHV WKH QXPEHU RI LOOHJDO PLJUDQWV HPSOR\HG E\ WKHP
&RQFOXGLQJ 5HPDUNV
Legal migrants may work in illegal jobs while, at the same time, employing illegal migrants. Illegal migrants may specialize in a certain field or profession, such as housecleaning, teaching, daycare, cooking and providing religious services, and may themselves also employ other illegal migrants. As a result, there is an evolving subeconomy, which is, for the most part illegal, the sole purpose of which is the provision of services for migrants by other migrants. Owing to their illegal status, the migrants have no choice, but to remain on the margins of the economy. The migrants do not assimilate into the local population. Rather, a parallel sub-economy is emerging.
Various public policy strategies targeted at the assimilation of migrants have been considered. Taxing the legal immigrant's earnings reduces the number of illegal migrants they can employ, thereby facilitating assimilation. Moreover, increasing the legal immigrants' time permit would increase the proportion of time they spend working on the legal market. On the other hand, requiring legal migrants/temporary workers to renew their permits regularly would increase the probability of assimilation. Imposing a penalty on local employers caught employing illegal migrants would increase the proportion of time spent by the legal migrant on the legal market and decrease the number of illegal migrants they employ, as well as the probability of migrant assimilation. The authorities can hold part of legal immigrants' earnings as forced savings to be paid over to them on their day of OHJDO departure from the country for their home country. Forced savings would decrease the immigrants' illegal jobs and decrease the number of illegal migrants employed by other migrants.
$SSHQGL[ 3URRI RI SURSRVLWLRQ
The relationship between the proportion of time spent on the illegal market in the time periods 7 and 7 and the expected earnings during those time periods is known. The rest of the analysis is a backward induction. We assume that for Q 7 
The first-order condition for the maximization of (1a) is given by,
Given the assumption of the induction
, the migrant's expected earnings at time Q are given by,
The first-order condition for the maximization of (3a) is:
The induction assumes that ( ) ( )
Clearly, the RHS of (4a) is greater than that in (2a). Thus, it is clear that:
4(' 3URRI RI SURSRVLWLRQ
Time period 7: The migrant's expected earnings at time 7 is given by
In determining the proportion of time they should spend on the illegal market in period 7 immigrants aim to maximize their expected earnings over both periods.
The first-order condition is given by:
The relationship between the proportion of time spent on the illegal market under both options, with and without the loss of accumulated wealth, is now considered, taking into account the cost of being caught in both cases. The option with the higher cost and lower level of time spent on the illegal market is preferred.
Formally, the RHSs of (6a) and (9) are compared. Given * ,7
. α α = the RHS of (9) is given by: 
and the RHS of (6a) is, 7 , the immigrant spends more and more time on the legal market.
Immigrant who are approaching their departure date 7 stop accumulating capital.
Moreover, the total level may also decrease, 0 ) 2 ( ) 1
, as a result of preparing for departure and the return home. In this case, it is clear that for , i.e., the increase in human capital is greater for legal than for illegal immigrants. Thus, in the period after the optimal time for employing an illegal immigrant, the increase in human capital (earnings per unit of time) is greater for legal than the illegal immigrants. Therefore, the timing would be optimal for legal immigrants to employ illegal workers. 4(' 
